The first controlled source electromagnetic experiment directly on a ridge, with the potential to identify the presence of an axial melt body beneath a fast-spreading center, was conducted at This picture is consistent with recently proposed models of a thin sill-like melt lens with across strike dimensions of no more than 1 km and probably with smaller vertical extent. The larger region below the sill, characterized by low seismic velocities, must contain at best a very small melt fraction distributed in isolated pockets, providing further evidence that the EPR at 13øN is currently in a state of relative magmatic quiescence.
INTRODUCTION
A consensus seems to have been reached in the midocean ridge academic community regarding ridge-axis melt bodies at midcrustal levels at fast-spreading centers. The paradigm, which is described by a volumetrically small pool of melt flanked and underlain by a larger region of lower melt fraction in a crystalline mush, has come, in particular, from recent interpretations of reflection and refraction seismology [Kent et al., 1990; Sinton and Derrick, 1992] . The melt fraction present within the mush zone at any given stage of crustal production remains unconstrained, as do the texture and physical properties of the mush. Two end-member possibilities exist: either melt is periodically injected into the midcrust from the mantle in a single large event, or the melt supply is continuous, but with a smaller melt flux. strike. The along-axis reflection profile shows a weak and irregular event at between 0.5 and 0.6 s two-way time below I.he seafloor. There is no evidence of a corresponding reflector on any of the cross-axis profiles. Decreases in refracted arrival amplitudes at ranges greater than 11 km along the ridge crest are cited as evidence for a seismic low-velocity zone (LVZ) at a depth of 1.25 km below the seafloor under the ridge axis. 
where 0'0 is the rock conductivity, 0'1 is that of the conductive fluid phase, and /? is the melt fraction. If the twophase system is in textural equilibrium, as it is under mantle conditions [Cheadle, 1989] , then the lower, least conductive limit, relating to an unconnected melt distribution, will apply where the dihedral angle between grain boundaries is greater than 60 ø . In this case, the melt phase is distributed in isolated pockets, and ionic charge carriers are unable to propagate between inclusions. The bulk conductivity will be dominated by the crystalline phase. If, on the other hand, the system has values of dihedral angle less than 60 ø, the melt will form a connected network. Here, conduction can occur between grain boundaries via the melt, and the conductivity will be greatly enhanced. [Dick et al., 1991] . Although the tectonic setting of this environment is one of very slow spreading, the textures observed may well be relevant to the types of melt distribution likely to be found at the extremities of the melt zone, even at fast spreading segments. The crust at 735B is described as having undergone "syntectonic differentiation," in which late melt injections are intruded into cracks formed by the brittle failure of existing rock under tectonic stresses. Late melt injections into the sequence, which are thought to have occurred a short distance from the ridge crest, seem to have been intruded into isolated veins and cracks formed from the brittle-ductile failure of the gabbros. Intrusions cover several scales, from cross-cutting igneous dykes to sinall intrusive microgabbros. These data seem to indicate that the electrical resistivity throughout an axial melt zone, even at fast spreading ridges, will increase with distance from the ridge crest as the melt fraction decreases due to cooling of the surrounding host, and the size and number of intrusive veins containing melt decreases. Such a texture is far removed from traditional views of crystal settling magmatic processes, of which there is almost no evidence in hole 735B, and which may only occur after a fresh injection of mantle-derived melt into the crust.
In general, as far as lna.gma bodies are concerned, the presence of melt is a necessary, but not sufficient, condition for a conductive anomaly. Under the tectonic conditions described, regions of the crust with a few percent unconnected melt fraction would have a bulk electrical conductivity dominated by the crystalline phase. However, since constraints on the texture of melt distributions are as important in determining the behaviour of the magmatic phase as those on the melt fi'action itself, CSEM experiments provide importaltt information which is complementary to that derived from seismic and other methods, even in the absence of a conductive anomaly. The resistivity of the overlying crust is dominated by the penetration of seawater, and increases monotonically to values of around 100 f•xn at a depth immediately above the top of the LVZ. If the LVZ is indeed conductive, there would be a significant contrast in conductivity over a relatively small vertical distance. At the other extreme, if the melt were in isolated pockets, a resistive end-member might be imagined where the resistivity structure would not be significantly altered by the presence of melt fractions even as high as 30%.
There are several problems of resolution in the 1-D experiment which lead to difficulties in requiring the existence of a conductive body from incomplete and error-bound data. What constitutes a conductor is, in practice, very dependent on the frequency of transmission and on the size of the anomaly. The frequencies used for CSEM experiments are chosen so that the electromagnetic skin depths within the crust are on the same order as the source-receiver separations. The electromagnetic skin depth, 5, measured in meters, describes the length scale over which the electric fields at a particular frequency, f, decay. It is given by , -50ar--' ,
;vhere a is the conductivity of the medium in which the fields are propagating. Low frequencies such as those available for oceanic magnetotelluric soundings have periods of a few minutes upwards and are almost completely insensitive to crustal melt distributions. On the other hand, if the frequencies used are too high, the skin depths in the crust ;viii be very short and the transmitted fields ;viii be rapidly attenuated below measurable levels.
Model Studies Using Iiegularized Inversion
A first approach to estimating sensitivity to buried conductors is to assume that the seafloor conductivity changes as a function of depth only. The algorithm of Chave [1983] was used to calculate the electric fields of a dipole source over a layered Earth. The theory for the calculation is given by Chave and Cox [1982] . Receivers were deployed i'n two strike-parallel lines; one along the ridge crest, with fotir instruments placed ~2.5 km apart and the other, of thre• instruments, ~5 km to the east and parallel to strike"•.On 100,000 year old crust (Figure 2 p -p(z) ).
The philosophy of searching for optimally smooth models, especially when modeling potential field measurements, has been widely documented and discussed [e.g., Parker, 1980 Parker, , 1984 . By finding the models which have the minimum a•nount of structure required to satisfy the data, we simultaneously find the maximum amount of structure which we can reliably infer from our experiment alone. Other a priori information can then be included in careful modeling, once the resolution of the sounding to such features is established. Beneath the ridge crest, the proportion of melt which is sufficient to produce an intracrustal AMZ reflector, where it is seen, will almost certainly be associated with an increase in electrical conductivity. However, it is unclear whether the region of low velocities below, and to the sides of this reflector will be electrically conductive. An ESP 1.5 km from the ridge crest at 13øN requires only a thin (,-,300 m) LVZ in which velocities are depressed from ,-,6 km s -1 to around 5 km s -1, although it should be borne in mind that the velocity structure within a LVZ is poorly constrained by wide-angle seismic data. Such a reduction in velocity may correspond to a small melt fraction which is undergoing crystallization and which may not exist within an interconnected network.
The theoretical results of Kuster and Toksoz [1974] show that for low porosities and, hence, noninteracting inclusions, a 10% reduction in compressional velocity can be achieved even with a fraction of a percent concentration of very thin cracks. Inclusions of larger aspect ratio, approaching a spherical shape, are less efficient at reducing velocity but for an aspect ratio of 0.1, only ,-,5% melt fraction would be required to achieve the reduction in velocities observed. It is not unreasonable to postulate that the regions flanking the small axial magma chamber contain a small, unconnected melt fraction which, from the HS bounds, will be electrically resistive. Either a distribution of very few extremely thin cracks or, a few percent of isolated inclusions of larger aspect ratio or, more likely, a combination of both, may result in a region in which p wave velocities are slightly reduced, while the electrical conductivity is not significantly increased.
The intplications for this region seem to be that it is currently in a period of relative magmatic quiescence, in agreement. with numerous other observations. This conclusion stmns both from the nature of the uppermost extrusives and froin the electrically resistive nature of the midcrust. If we assutne that magmatism at ridges occurs as a cyclic process, then we can further infer that during the magmatically quiescent phase, the crust contains at most only a very small volume of melt. Most of the seismically determined LVZ must consist of a region in which melt, if present at all, is distributed in an unconnected texture of isolated pockets, veins or fractures and which is crystallizing in situ.
An Further CSEM experiments should be conducted in conjunction with or to supplement existing seismic reftaction surveys over regions where there is good evidence for robust magma supplies. Such experiments may be used to identify whether the AMZ ever contains sufficient melt to form an interconnected texture throughout the large volume in the crust beneath the ridge crest. Other possibilities are that melt is supplied at a slower but steady rate from the lnantie, or that even episodic melt injection from the mantle only results in small amounts of melt within the AMZ, below a small sill-like lens of higher melt Ëaction.
